Abstract Research Article
with sudden-onset fever and can be complicated by organ dysfunctions, including acute kidney injury (AKI), acute liver failure, acute meningoencephalitis, thrombocytopenia, and acute respiratory distress syndrome (ARDS). The reported case fatality rate (CFR) is approximately 15% and rises with the development of severe complications. [1] The severity and outcome of many infectious and inflammatory diseases are usually predicted with the use of critical illness scoring systems (CISSs). Some of these are the Acute Physiology and Chronic Health Evaluation (APACHE II), sequential organ failure assessment (SOFA), and quick SOFA (qSOFA) and they are used in intensive care units (ICUs) worldwide. A higher score heralds a poor outcome and the necessity of treatment in an intensive care facility.
The SOFA scoring, due to the ease of use, is commonly used in predicting the need for admission to ICU and outcome of the disease. [2] The APACHE II scoring system was first introduced by Knaus et al. and serves as a useful index for the evaluation of the severity of the disease due to the associated multiple organ systems involvement. [3] The qSOFA score was introduced by Seymour et al. in 2016 . It includes only three parameters; the presence or absence of respiratory rate ≥22/min, systolic blood pressure <100 mmHg, and altered mentation. It can be calculated bedside for the patients outside the ICU and can correlate with the risk of dying of sepsis. [4] A review of the available medical literature yielded only a single study that has used CISSs to predict the outcome of ST. [5] In this study, we compared three CISSs; the APACHE II, SOFA, and qSOFA in predicting the outcome of this infectious disease.
Methods
A prospective observational study was conducted over a period of 12 months from June 2015 to May 2016 in the Department of Medical Emergency. The inclusion criteria were an acute febrile illness (temperature >38.2°C on multiple occasions) with IgM antibodies against O. tsutsugamushi by ELISA (InBios International, Inc., Seattle, WA, USA) or/and nested polymerase chain reaction positivity in blood or from eschar tissue with any organ dysfunctions. [6] Of 212 screened patients, 50 patients of complicated ST (cST) were enrolled in the study and admitted to the emergency medical ward. A detailed history and a general physical examination were carried out at all. A special emphasis was made to document the presence of eschar and rash. Hematological investigations carried out were hemoglobin, complete blood count along with differential leukocyte count, and peripheral blood film. The serum biochemical tests done were serum sodium and potassium, renal function tests which include blood urea and serum creatinine, and liver function tests which include serum bilirubin, serum glutamic oxaloacetic transaminase (SGOT), and serum glutamic pyruvic transaminase (SGPT). Others serum biochemical tests including serum amylase, lipase, total protein and albumin, calcium, and phosphorus were done wherever indicated. An arterial blood gas analysis was done to determine pH, PaO 2 , HCO 3, and PaCO 2 . A rapid diagnostic card test (Nicholas Piramal kit, SD Bioline, India) for malaria and dengue (NS1 and IgM using Panbio Dengue Duo Cassette by Alere Medical, USA) were carried out. The Widal test and two sets of blood cultures were sent and IgM ELISA to detect antibodies against Leptospira was carried out. Those cases presenting as acute encephalitis syndrome underwent neuroimaging (computed tomography [CT] scan head and/or magnetic resonance imaging brain) followed by cerebrospinal fluid analysis. Radiological investigations carried out were chest X-ray, ultrasonography abdomen, and/or contrast-enhanced CT chest and/or abdomen whenever indicated. All patients underwent scoring with the APACHE II, SOFA, and qSOFA scores.
After admission to the emergency medical ward, all patients were managed with standard care as per the guidelines of the "Surviving Sepsis Campaign." [7] ARDS was defined by "Berlins" definition, AKI by KDIGO guidelines, thrombocytopenia at platelet (Plt) counts <1.5 × 10 5 /μL and severe thrombocytopenia by counts <20 × 10 5 /μL, acute encephalitis by the presence of fever and a change in mentation, and/or seizures and acute liver dysfunction by a greater than 2-fold rise of serum transaminases with or without hyperbilirubinemia. [8] [9] [10] [11] [12] The need of supportive therapy, which includes the need for ventilator support, dialysis, inotropes, intravenous fluids, and blood components, was recorded on the case record forms. The duration of hospital stay and the outcome were also duly noted.
Ethics statement
The study was carried out with prior approval of the institutional ethics committee board. Written informed consent was obtained from all the adult subjects who were capable of giving consent or from the next of kin where the patient was incapable of giving the informed consent due to severity of the illness. For all the subjects with age group between 12 and 17 years, informed consent was obtained from any of their parents or legal guardian.
Statistical analysis
The normality of quantitative variables was checked applying Kolmogorov-Smirnov test. For normally distributed data, mean ± standard deviation was calculated for all continuous data; otherwise, median (interquartile range [IQR]), frequency, percentage, and proportions were calculated for qualitative variables. Mann-Whitney U-test was used to compare mean difference in nonparametric data, and Student's t-test was used to compare mean difference in parametric data. Different cutoff values for SOFA, APACHE II, and qSOFA scores were used for predicting mortality. Of all cutoff values, the best cutoff value was selected calculating sensitivity (Se), specificity (Sp) obtained from the receiver operator characteristic (ROC) curve. A P < 0.05 was considered to be of statistically significance. The relationship between SOFA, APACHE II, and qSOFA scoring system with duration of hospital stay and other outcomes were measured with Spearman correlation coefficient. SPSS Statistical Package for the Social Sciences version 22 (IBM corporation, Chicago, IL, USA) was used for the data analysis.
results
Fifty patients with ST were eligible for the study with male-to-female ratio of 1.5:1. All patients presented in the post-monsoon season from July to October. The baseline characteristics of the study group have been mentioned in Table 1 .
On analyzing the laboratory parameters at admission, anemia (Hb <13 mg/dL) was present in 42 patients (84%), leukocytosis (total leukocyte count [TLC] >11,000) in 18 patients (36%), leukopenia (TLC <4000) in four patients (8%), thrombocytopenia (Plt count <150 × 10 3 /cu mm) in 41 patients (82%) with severe thrombocytopenia (Plt count <50 × 10 3 /cu mm) in 38%, hyperuricemia (blood urea nitrogen >20 mg/dL) in 34 patients (68%), serum creatinine >1.2 mg/dL in 48% patients, hyperbilirubinemia (serum bilirubin >1 mg/dL) in 29 patients (58%), and SGOT and SGPT greater than 3 times upper limit of normal in 24 patients (48%). Fifteen patients (30%) received intravenous doxycycline and 35 patients (70%) received parenteral azithromycin.
Complications and outcomes
The frequency of various complications and the median duration of hospital stay have been mentioned in Table 2 . Blood products used in five patients (10%) were as follows: packed red blood cells in two patients and random donor Plts for severe thrombocytopenia in three patients. Fifteen patients (30%) required vasopressor support for shock out of which, in nine patients, double inotropic support (noradrenaline and dobutamine) was administered. Thirty-nine cases developed ARDS, of which 22 required ventilatory assistance with a non-rebreathing mask and 17 required invasive mechanical ventilation (mean 6 days, IQR 5-10 days). There were 21 cases (42%) of AKI, of which eight cases (16%) underwent hemodialysis. Four patients died with a CFR of 8% [ Table 2 ].
The bivariate analysis of various characteristics between survivors and nonsurvivors has been shown in Table 3 . Of all the three CISSs, only the SOFA scores showed a linear correlation with the in-hospital stay duration (Pearson's correlation = 0.311, P = 0.028). On analyzing ROC curves, the area under the curves (AUC) for SOFA and APACHE II was 0.764 and 0.747 with a Se of 75% and 75% and Sp of 67% and 76%, respectively, for a cutoff of 9.5 and 21.5. qSOFA showed Se of 100% and 0% with Sp of 41% and 91% when the cutoff scores were 1.5 and 2.5, respectively, with AUC of 0.663.
dIscussIon
ST is an important cause of acute febrile illness in Southeast Asia-Pacific region. The pathophysiology of the disease is mainly a vasculitis, and the resulting multi-organ dysfunction manifests as disseminated intravascular coagulation, shock, pulmonary edema, meningoencephalitis, and hepatic dysfunction. [13] The male-to-female ratio was 1.4:1 in our study which is similar to other studies from South India. [14] [15] [16] [17] [18] [19] A similar male preponderance has also been seen in other studies from the Asia-Pacific region outside India except South Korea (male-to-female ratio of 1:1.6), a trend that may be influenced by the prevailing socioeconomic culture of females occupied with farming. [20] [21] [22] [23] [24] A majority of our cases presented from July to October, a period corresponding to the postmonsoon season after maximum rainfall. Most of the cases were from the surrounding state of Himachal Pradesh (34%) in the Sub-Himalayan belt and the remaining from Haryana (28%), Punjab (12%), Chandigarh (12%), Uttar Pradesh (6%), Jammu and Kashmir (2%), Uttarakhand (2%), Bihar (2%), and Jharkhand (2%). This distribution of cases emphasizes the fact that the disease is no longer confined to forested areas and has become urban and semi-urban. The causative factor attributable to this paradigm shift of ST is a change in the ecosystem brought about by the destruction of forested areas. [14] Of the clinical features seen in our study, dyspnea occurred in 64%, altered sensorium in 30%, jaundice in 28%, abdominal pain in 26%, vomiting in 20%, and oliguria in 16%. From North India, an earlier study from this institute and another from Rajasthan showed that the most common presenting symptom was dyspnea in 42% and 83%, respectively. In contrast, in two other studies from South India, abdominal symptoms (nausea and vomiting and abdominal pain) predominated in 54% and 58% of cases, respectively. [14] [15] [16] 19] The presence of eschar, considered pathognomonic of ST, was in 6% patients in our study, a figure considerably lower when compared to other Indian studies (32%-46%). [14, 16, 19] Furthermore, the presence of eschar was also low (9.5%) in a study from the neighboring Himalayan region, Shimla, Himachal Pradesh. [17] Of all the hematological parameters, thrombocytopenia was present in 84% with severe thrombocytopenia in 38%. The incidence of thrombocytopenia in other studies from the Asia-Pacific region has varied from 17.3% to 90%. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] This fact could be attributable to a difference in the cutoff values for thrombocytopenia as well as variable pathogenicity of the different genotypes causing infection. AKI was seen in 42% when compared to 11.1%-66.7% from studies from different regions of India. [15] [16] [17] 19] Data from other Asian countries have shown a much lower incidence of AKI in the range of 3.7%-19.2%. [22] [23] [24] The reason for this observation could be the different criteria used to define AKI in earlier studies.
ARDS occurred in 66% in our study and 34% of our cases required invasive mechanical ventilation. From South India, Varghese et al. reported ARDS in 33.7% of cases and showed that the requirement for assisted mechanical ventilation predicted mortality independently in the multivariate analysis. [16] Other studies from Asia have reported a much lower incidence of ARDS varying from 8.9% to 11.1%. [21, 24] Of the other complications seen in our study, acute encephalitis was present in 18% of ST cases as compared to 3.4%-13.6% seen in previous studies from India and other Asian countries, respectively. [14] [15] [16] [17] 19, 24] The median duration of in-hospital stay in this study was 8 days (IQR = 5-11 days) when compared to an earlier study from our institute, which had a median duration of 6 days (IQR = 4-10 days). [14] Furthermore, the difference between the mean duration of hospital stay between survivors and nonsurvivors was not statistically significant. On the contrary, in a similar study from Vellore, the mean duration of the hospital stay among survivors was three times longer when compared to nonsurvivors. [5] The CFR in the present study was 8% when compared with two earlier studies from this institute where a reduction in CFR from 16% to 13.6% was recorded from 2011 till 2014. [14, 25] A similar reduction in the mortality trend over successive years has also been seen in a study from South India. [16] This observation could be explained by an increased awareness of the disease and early institution of doxycycline or azithromycin empirically for the patients presenting with tropical infections. Other Asian countries have reported a low CFR, 6.2% from Thailand and 0.4% from Vietnam. [22] [23] [24] A possible explanation for this may be the lower incidence of complications in reported cases of ST and presence of strains of lower virulence in these geographical areas.
The mean APACHE II, SOFA, as well as qSOFA scores were higher in the nonsurvivors as compared to survivors with SOFA and qSOFA scores showing statistical significance. On the other hand, Griffith et al. from South India have shown that it is the APACHE II score and not the SOFA score that predicted mortality independently on multivariate analysis. [5] The reason for this paradox may be a small sample size and the fact that in our study only patients admitted to the medical emergency ward and not ICU were included. Thus, studies on cases of ST admitted to emergency wards, ICUs, and general wards with a larger sample size are essential to compare and analyze the superiority of different scoring systems in different areas.
conclusIon
Among the three CISSs studied, the SOFA score correlated with in-hospital stay duration and mortality, whereas the qSOFA score formed a simple as well as a convenient tool in predicting the mortality in patients of cST with organ dysfunction(s).
Strength and limitations of the study
• An observational prospective study • In the emergency department, SOFA, APACHE II, as well as the qSOFA score, a newer scoring system, were used to assess the outcome • A study of larger sample size is needed to make a definite conclusion regarding the superiority of one CISS over the other.
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